Abstract -Community Health Workers (CHWs), a presence in almost every developing country, have proven instrumental in improving their communities' health. CHWs in most countries are volunteers relying on programs with marginal government support and irregular external funding. A lack of incentives is a fundamental challenge to realizing the full potential of CHW programs. CHW programs often suffer from high attrition rates, poor efficiency and lack of coordination and accountability. This article argues that there is a dynamic interdependence between CHW programs and entrepreneurial mobile health (mHealth) systems trying to become economically self-sustaining. This interdependence can be leveraged to design effective, efficient and sustainable mHealth ventures that enable, complement and augment CHW programs with the shared objective of improving the healthcare system in developing countries. This article presents a typology of eight business models where CHWs function as the channels and champions for mHealth ventures. The target audiences of this article are innovators and entrepreneurs seeking to launch sustainable mHealth ventures by leveraging the civic infrastructure of community health workers in developing countries.
INTRODUCTION
The nature of disease is changing around the world with non-communicable diseases (NCDs) gradually surpassing infectious diseases as the leading cause of mortality. 1 This double burden of acute and chronic disease poses an enormous challenge for developing countries with fledgling healthcare systems. Community Health Worker (CHW) programs have emerged as one of the most effective ways to provide primary health care at the community level in developing countries around the world -from Brazil to Ethiopia, Pakistan, and Vietnam. 2, 3 CHWs connect communities to the health care system by providing services such as illness prevention, basic treatment, hygiene and sanitation, data collection, and health education. CHW programs around the world are proven to have a positive impact on their communities, even while working with limited resources. 4 Consequently, a wide range of CHW-centric electronic health (eHealth) systems that leverage the ubiquity of cellphones and the internet are being developed and fieldtested. These mobile health (mHealth) systems can enhance the efficiency and efficacy of CHWs while giving such projects their much-needed champions and channels to communities. mHealth has been used to implement programs such as telemedicine systems, awareness campaigns, and data collections. The symbiosis of CHWs and mHealth systems can be a game-changer for global health. 5, 6 CHW programs and mHealth systems have one common challenge -a dearth of sustainable business models. Major challenges to CHW programs include inconsistent training, lack of equipment and supplies, absence of organizational structures that ensure standardization and quality assurance, and -most importantly -lack of incentives. The vast majority of CHWs are volunteers driven by passion for community health and pride in their work. The current system suffers from high CHW turnover with frustrated or strained volunteers who feel underappreciated. While compensation from the government is an often-cited proposed solution, it is not feasible in many situations. There is growing interest amongst CHWs to derive at least a part of their income from their community health activities. Accordingly, some countries like Bangladesh and Pakistan encourage their CHWs to sell health commodities like medicines, contraceptives, and feminine hygiene products to earn a small income. These income generation activities do not replace their primary voluntary duties but do build upon the trust and social capital that the CHWs have in their communities. In essence, the sustainability of CHW programs is a central issue in most countries due to inconsistent funding from the government and/or large non-profits. 7, 8 There is a need to develop practical, innovative and sustainable models where CHWs can derive supplemental income without compromising their core duties or allegiance to their communities.
On parallel lines, a major challenge facing mHealth programs in particular, or eHealth programs in general, is "pilotitis", either a lack of intent or inability to scale up beyond the pilot phase. 9 For example, in Uganda, 23 mHealth programs did not advance past the pilot phase between 2008 and 2009. In India, there were more than 30 similar projects that did not advance past the pilot stage in 2009. 10 The proliferation of pilot projects was so extreme that the Ugandan government declared a moratorium on mHealth pilots, representing a key stakeholder calling for sustainability. 11 The problem, as summarized by Dr. Esther Ogara, the head of eHealth for the Ministry of Health in Kenya, is that "many projects…begin without an idea of who will fund them in the long run." 12 Donors are the largest source of funding for many of these programs, with the government and out-of-pocket payments as the next largest contributors 13 . Donors are often reluctant to assume financial responsibility for on-going projects, and cash-strapped governments cannot be the catch-all funding mechanism to fall back on for these mHealth projects. 12 And so, once the initial funding is exhausted, mHealth programs often wind down to become another successful experiment but failed long-term venture.
What are the pathways to transform CHWs from volunteers to entrepreneurs? How can CHWs leverage mHealth programs to supplement their incomes while enhancing the reliability, accessibility and accountability of the entire system? This article presents a typology of business models for CHW programs to advance towards self-reliance by providing opportunities for income generation alongside routine visits and other responsibilities. The success and sustainability of several mHealth solutions in developing countries relies on their successful adoption by CHWs and other stakeholders. We posit that the economic success of mHealth ventures, CHWs, and the communities they serve are interdependent. The purpose of this business model typology is to inform and inspire innovators and entrepreneurs in their quest for win-win solutions for global health projects that leverage mHealth systems, public health programs, and the lean civic infrastructure of Community Health Workers.
TYPOLOGY OF REVENUE MODELS FOR CHW PROGRAMS
The business models presented in this article were identified, refined and articulated over a fiveyear period. The genesis of this article can be traced to a study of the failure modes of 35 entrepreneurial telemedicine and mHealth ventures.
14 These failure modes were juxtaposed with our experiences developing and implementing telemedicine and primary health technologies in East Africa. The business models were categorized based on the relationship of varying stakeholders and the nature of the transactions between them.
The business models presented in this article are classified into eight categories: Additional Services, Products, Education, Advertisement, Data Collection, Referrals, Home Care, and Regulatory. When referenced, "routine services" refers to the services and responsibilities that the CHWs conduct on a regular basis. Routine services include visiting homes to provide treatment of simple and common illnesses, keeping records, collecting data, providing health education regarding nutrition and surveillance, sanitation precautions, and infectious disease management. CHWs also educate communities about malaria prevention, kitchen gardens, acute respiratory diseases as well as family planning, birthing care, HIV/AIDS and STIs. As shown in Table 1 , the business models described in this paper implicate a wide swath of stakeholders. The value propositions for each of the stakeholders, as well as potential revenue streams, are explained with the help of real-world examples. Some examples are taken from actual businesses while others are illustrative of an appropriate use case. Revenue streams in the model diagrams are shown as dotted if they are conditional on the implementation method of the business model and solid if they are required for the model under any implementation. These business models are based on market-pull rather than technology-push. The primary question is not "How can we leverage CHWs to develop sustainable mHealth systems?" but rather "How can we leverage mHealth systems and other new technologies as tools to enable, empower, and augment CHWs as they fulfill their value propositions?" 
ADDITIONAL SERVICES BUSINESS MODEL

FIGURE 1 ADDITIONAL SERVICES BUSINESS MODEL
 The CHW is trained by the CHW program and provided necessary equipment and supplies  The CHW conducts routine services in the community  The CHW offers additional services during the routine visits  Community members pay for additional service(s) that the CHW offers
In this model, the CHW is trained by an external entity to use specific equipment to provide additional services in the community. Depending on how the incentives are structured, the CHW could directly pocket the additional payments or return them to the venture and receive a salary and/or commissions. The salaried case would be more appropriate if the services may take some time to generate demand and CHWs are unwilling to take the full risk of purchasing equipment early on. As demand rises, the direct payment case would lead to better incentives for CHWs to offer the additional service to as many people as possible. For example, in Nyeri, Kenya two CHWs walk around busy marketplaces as well as rural areas offering weight, temperature, blood pressure, and height measurements. They receive a portion of the money gained from the services they offer, and the rest goes to their employer, who hires the CHWs, trains them to use the necessary equipment, and then provides the equipment the CHWs carry with them to take the measurements. 15 These CHWs are also trained to utilize a mobile website to offer secure health profiles, where community members can track their health over time. This additional service provides people with the opportunity to monitor their health without having to travel to a hospital, while allowing CHWs to more effectively manage community well-being.
ADDITIONAL PRODUCTS BUSINESS MODEL
FIGURE 2 ADDITIONAL PRODUCTS BUSINESS MODEL
 The CHW conducts routine services within the community  The CHW sells additional products to community members for a small profit In addition to offering new services during house visits, CHWs could also generate income by offering healthcare products to community members. These products could be personally acquired or supplied by an external entity. CHWs would validate that a new product may be useful to certain community members and then sell it during house visits for a small profit. Some products may be acquired by the CHWs themselves while others, especially those with supply chain difficulties, might be supplied by external organizations. The appropriate price points could be initially suggested by the organization, but CHWs should be the ultimate arbiters of price as they have the best knowledge of what their communities can (or are willing to) pay and what profit margins are appropriate.
LivingGoods 16 is an organization that equips health promoters to become microentrepreneurs in addition to their traditional communal duties. They offer both an mHealth information texting component and a supply chain component for low-cost, health-conscious products. A CHW is trained to become a micro-entrepreneur by local LivingGoods representatives. The CHW signs up community members for relevant LivingGoods programs, such as SMS treatment reminders and automated stage-appropriate pregnancy care texts. The CHW sells a vast array of products such as solar panels, clean-burning stoves, sanitary pads, and fortified porridge. Community members who are signed up for the SMS-based messaging also receive periodic promotions and related health benefits regarding LivingGoods products. The CHW generates income through the sale of these products while acting as the last-mile of the
supply chain for LivingGoods. This benefits both the LivingGoods brand and community members previously unable to access these healthy living products.
EDUCATION BUSINESS MODEL
FIGURE 3 EDUCATION BUSINESS MODEL
 The CHW is educated about relevant health issues and how to conduct community education seminars  The CHW conducts educational seminars and workshops for the community  Community members or external organizations pay CHWs
One of the goals of a CHW program is to educate the community on relevant primary health topics including basic hygiene, proper nutrition, and maternal health. However, it is possible for CHWs to partner with external organizations to provide broader educational opportunities for interested community members at a cost. In one approach, after providing traditional services and information, CHWs could offer additional written or electronic material for a small fee. This would have the greatest chance of success when the material is significant and leads to obvious positive outcomes. For example, in an area with a largely agrarian culture, lower back and neck problems may be prevalent. 17 A highly-visual book on exercises that mitigate this pain would prove valuable for people whose life requires daily manual labor. The CHW would also sign up members to any available mHealth programs such as text-based awareness campaigns. For members who seek more information, the CHW could partner with local cyber cafés for members to be led through relevant health websites while developing their computer skills for an additional fee.
A telecommunications company partners with a non-profit to train CHWs on internet literacy, basic computer skills, and methods for teaching these skills to others. The non-profit provides CHWs with text-based services in their area that provide basic health information at no cost. Several organizations already conduct such activities in different world regions. In India, CycleTel 18 provides family planning advice over SMS for free. In South Africa, txtAlert 19 provides free timely reminders for tuberculosis and antiretroviral medicines. In Kenya, the Diabetes Management Information Centre provides text-based information for those afflicted with diabetes. During house visits, CHWs sign community members up for the relevant textbased services. For an additional fee, CHWs invite members to an internet literacy course hosted at the local cyber café. Access to the internet provides community members the ability to further learn about specific diseases, nutritional information, and other applicable health topics. A small portion of this course fee goes to the non-profit, with the majority going to the CHW. The telecommunications company subsidizes data usage during these sessions and negotiates with the cyber café owner for usage of the space; both parties are willing to donate in return for the development of new customers. 
ADVERTISING BUSINESS MODEL
FIGURE 4 ADVERTISING BUSINESS MODEL
 An external entity trains CHWs and provides necessary advertising supplies  The CHW conducts routine services in the community  The CHW educates and advertises products to community members  The external entity pays CHWs a stipend
In rural communities without easily accessible medical facilities, CHWs assume the role of connecting community members to healthcare facilities. As part of this role, they are trusted to distribute updated medical information such as new health initiatives by the government, services provided by non-profits in a nearby town, temporary medical camps, or products that help with illnesses. The organizations providing these products and services can access these communities more effectively by compensating the CHWs to endorse and market their products or services. These organizations would train the CHWs and provide educational materials to subsequently share during routine home visits. The CHWs are compensated for simply providing this material or may be given a commission on eventual purchases. Paid advertising must be carefully conducted to avoid conflicts of interest between the CHWs role as a health provider and their desire to generate income. While a commission might lead to greater sales, it can also incentivize false health advice. A salaried payment or payment per marketed household may be a more ethical route. In these cases, accountability measures must be introduced to ensure that CHWs are truly following the instructions of the organization. For example, CHWs could collect phone numbers from their households. The organization could then make randomized follow-up surveys to ensure that those households received the proper marketing materials.
CHWs partner with a new local company that produces sugar substitutes. The company hires a non-profit to train the CHWs in measuring blood sugar and handling the glucometers. The company than provides the glucometers to the CHWs. During house visits, the CHWs offer blood sugar tests to community members. If they find people who are at risk for diabetes, they offer them free text messaging-based services, such as SMS Diabetes 20 , which send periodic messages regarding proper diabetes management. CHWs then explain how using a sugar substitute could improve their ability to manage the disease. The community members receive a free sample to ensure that the substitute tastes similar. They are then referred to the nearest store that carries the product. The CHW enters the location of the user on a mobile application, so that the sugar substitute company can monitor the effectiveness of this advertising campaign.
International
DATA COLLECTION BUSINESS MODEL
FIGURE 5
DATA COLLECTION BUSINESS MODEL  The CHW conducts routine services in the community  The CHW collects pertinent information requested by the government, a for-profit or a non-profit entity  The CHW is paid a stipend for his/her efforts CHWs are frequently employed to collect clinical information from their communities on behalf of health organizations or government entities due to their role as trusted community members. They could conduct additional surveys during house visits offering organizations unique access to data ranging from the spread of diseases, to the prevalence of malnutrition, to maternal health indicators. Monetizing this process incentivizes CHWs to devote more time and effort to proper data collection. A major caveat of this model is quality control. Similar to the services model, CHWs could be paid a fixed salary or paid per data item. Similar to previous models, caution should be taken when paying CHWs per entry as this may incentivize false or incomplete data to be generated. Furthermore, the organization must divide the target population in a way that allows each CHW to generate the same level of income. The salaried model ensures equity between CHWs and eliminates any desire for falsification of entries but removes a level of motivation that may be important for more complex or uncomfortable data surveys.
A local pharmacy offers CHWs a monthly salary to provide directly observed therapy to its patients suffering from HIV or tuberculosis. The pharmacy wants to ensure that patients are following treatment regimens and will continue to purchase medicine from their store. During the observation, CHWs send real-time reports to the pharmacy using a messaging service like FrontLine SMS. This tool allows data to be transferred to a computer via text message in areas of limited data connectivity, providing an avenue for communication and accountability between the CHWs and the store. CHWs text their observations or questions into a central database that is monitored and responded to in real-time by the resident medical professional. This mHealth system provides community members with a direct line of communication to the pharmacy and provides the pharmacy with a method to ensure the effectiveness of its CHW payments.
REFERRAL BUSINESS MODEL
FIGURE 6
REFERRAL BUSINESS MODEL  The CHW partners with health facility  The CHW monitors community members in treatment programs  The health facility pays the CHW for each successful attendance A CHW can directly improve community health by ensuring adherence to treatments prescribed to community members. Government entities, NGOs or the facilities themselves may be willing to compensate CHWs in return for attendance for certain treatment programs in order to minimize wasting limited resources. CHWs could be given a list of community members assigned to attend certain treatment programs in town. During house visits the CHWs would serve reminders, offer travel options, and may even agree to escort patients to the facility. The CHWs would be paid based on the attendance of those from their community.
CHWs partner with a local clinic to offer comprehensive maternal health coverage using a service such as the MOTECH mHealth program. MOTECH is a widely used open-source platform originally developed by the Grameen Foundation in Ghana that provides applications for an array of uses, ranging from patient data management to supply chain tracking. The local clinic sets up the MOTECH utility to track pregnant women's progression, coordinate CHWs for timely home visits, and offer immunization reminders. The CHWs are able to log into the MOTECH utility in order to track their patients and coordinate with other CHWs in regards to important observations about certain cases. CHWs are provided compensation for patient compliance, adherence, and attendance for checkups at the local clinic. CHWs also offer educational videos from the MOTECH utility to patients for a small fee. CHWs develop an intimate relationship with their community members through their frequent home visits. CHWs could offer to help with home activities for a small fee. These may include cooking and cleaning for the sick or engaging in joint ventures like kitchen gardens and greenhouse farming. In return for this help, CHWs could be paid directly or offered a portion of cultivated goods. In the case of a joint farming venture, CHWs might also transport goods to the marketplace. This model is particularly relevant in regions with high incidence of HIV/AIDS as well as malnutrition. CHWs could use mHealth nutritional tracking programs to ensure that members are eating the proper foods and can tailor the kitchen gardens accordingly.
HOME CARE BUSINESS MODEL
CHWs partner with an agricultural training center to learn how to effectively grow kitchen gardens, herb gardens, arrow root pits, and other locally-relevant farming endeavors. CHWs receive seeds for nutritious plants that they use to cultivate kitchen gardens for AIDS patients. While HIV patients are increasingly getting access to anti-retroviral drugs, access to nutritious food is still a major problem. With this model, patients gain access to nutritious foods and the CHW gets a few vegetables every week as payment for their help in cultivating the garden. The CHW introduces a text-based mHealth nutritional program to each patient that logs nutrition so that subsequent HIV treatment can be customized accordingly. In parallel, the training center that originally gifted the seeds for this garden uses the opportunity to conduct a longitudinal study between different seed varieties by training CHWs to use different seeds at each home. CHWs are paid a small fee by the training center at the completion of each growing cycle in return for data collected. This is a win-win situation for the CHWs, HIV patients, training center, mHealth venture and the public health authorities.
REGULATORY BUSINESS MODEL
FIGURE 8 REGULATORY BUSINESS MODEL
 An organization trains CHWs to inspect restaurants and other public establishments  CHWs teach owners about proper hygiene and sanitation standards  CHWs inspect and certify facilities  CHWs are paid a stipend by the external entity managing the venture CHWs are responsible for the health of their communities. Through proper compensation, CHWs could broaden their scope from house visits to also improving the cleanliness of local businesses through sanitary inspections and certifications. CHWs would be trained by an organization on hygiene, proper food preparation conditions, sanitation facilities, and related health concerns. CHWs would then pass this knowledge on to small businesses and public facilities. They would inspect and certify these businesses and give them prominently visible certificates. External nonprofit or for-profit organizations, or the small business community itself, would pay for these services. This model is extremely relevant in developing countries where public health can be directly correlated with the quality of sanitation facilities and small eateries. In fact, when our team launched the first telemedicine system in rural Kenya, we were asked by doctors as well as the Ministry of Health and Public Sanitation to include questions about water sources and sanitation facilities in the patient questionnaire.
The business council of a small town works with an NGO to train CHWs to survey the health conditions of various types of establishments that process or serve food. Acceptable standards are agreed upon by all members as well as other stakeholders such as public health authorities. Businesses pay a small fee to the CHWs in order to register for health evaluations. Groups of CHWs then make unannounced visits to each business and enter their observations into an online database. All of the CHWs present their findings to the council and provide public displays to those businesses that meet the agreed upon standards. This process improves the overall health conditions of the community while recognizing businesses that practice good hygiene and providing a means of income for CHWs. The database of food processing centers, public sanitation facilities, and small businesses can be utilized by public health authorities as well as mHealth ventures to look for common or emergent health concerns.
CONCLUSION
This article informs innovators seeking to transform volunteer-based CHW programs into effective, accountable and economically sustainable endeavors. The central thesis across this typology is that mHealth systems can be effective tools to solve healthcare problems and empower communities. The revenue models described in this article open doors for the integration of mHealth ventures that enable, complement, or augment CHWs while meeting community health needs. A related study has identified a host of common financial, technical, contextual and organizational barriers and failure modes that adversely impact the feasibility, sustainability and scalability of mHealth ventures 14 . An understanding of the most relevant failure modes for each of these revenue models can provide deeper insights to innovators striving to develop their own CHW-driven mHealth programs 21 .These models can be refined for specific settings and combined together to yield hybrid models with multiple stakeholders and revenue streams. Success ultimately depends on the inclusion of relevant stakeholders and development of practical technological, organizational and financial models that create win-win situations for all parties striving to tackle these complicated last mile healthcare challenges.
